
US009091715B2 

(12) United States Patent (10) Patent No.: US 9,091,715 B2 
Alameh et al. (45) Date of Patent: Jul. 28, 2015 

(54) WEARABLE DEVICE WITH CAPACITIVE 7,474,592 B2 1/2009 Lyon 
SENSOR AND METHOD OF OPERATION 8, 107.878 B2 1/2012 Alameh et al. 
THEREFOR 2007/0032967 A1 2/2007 Feen et al. 

2007/0209443 A1* 9, 2007 Yoshikawa et al. ............. 73/718 

(71) Applicant: Motorola Mobility LLC, Libertyville, (Continued) 
IL (US 

(US) FOREIGN PATENT DOCUMENTS 

(72) Inventors: Rachid M Alameh, Crystal Lake, IL 
(US); Kenneth A Paitl, West Dundee, IL WO 2009002007 A1 12/2008 
US 
(US) OTHER PUBLICATIONS 

(73) Assignee: Google Technology Holdings LLC, Jun Rekimoto, GestureWrist and GesturePad: Unobtrusive Wearable 
Mountain View, CA (US) Interaction Devices, IEEE Proceedings, Fifth International Sympo 

(*) Notice: Subject to any disclaimer, the term of this sium on Wearable Computers, 1530-08 11/01, pp. 21-27 (IEEE 
patent is extended or adjusted under 35 2001). 
U.S.C. 154(b) by 165 days. (Continued) 

(21) Appl. No.: 13/776,099 
(22) Filed: Feb. 25, 2013 Primary Examiner — Melissa Koval 

Assistant Examiner — Trung Nguyen 
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Shumaker & Sieffert, P.A. 

US 2014/0239982 A1 Aug. 28, 2014 
(57) ABSTRACT 

(51) Int. Cl. 
GOIR 27/26 (2006.01) A wearable device includes a capacitive sensor and capaci 
H03K 17/955 (2006.01) tance sensing and calibration logic operative to determine that 

(52) U.S. Cl. component drift for a capacitive sensor cannot be determined 
CPC .......... G0IR 27/2605 (2013.01); H03K 17/955 based on a capacitance sensed by the capacitive sensor. The 

(2013,01): H03K 2217/94026 (2013.01) capacitance sensing and calibration logic deactivates a drift 
(58) Field of Classification Search calibration operation for the capacitive sensor while the 

CPC ............. G01R 27/2605; H03K 17/955; H03K capacitive sensor senses the capacitance. The capacitance 
2217A94O26 sensing and calibration logic is further operative to determine 

USPC ............ 324/646–652, 600, 500,519,750.17, that the capacitance sensed by the capacitive sensor is within 
324/754,28, 548, 658 a detection threshold that indicates that a conductive surface 

See application file for complete search history. is within proximity of the capacitive sensor. The capacitance 
sensing and calibration logic can also determine that a wear 

(56) References Cited able device, that includes the capacitive sensor, is in motion 
U.S. PATENT DOCUMENTS 

5,159,713 A 10, 1992 Gaskill et al. 
6,350,055 B1 2/2002 Barras 
6,657,595 B1 12/2003 Phillips et al. 

axxas&assaxxess 33 

S$S. N-4- 

based on sensed intermittent changes in the capacitance. Vari 
ous other methods of operation are disclosed. 

12 Claims, 11 Drawing Sheets 

      

    

  

  



US 9,091,715 B2 
Page 2 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2007/0291016 A1* 12/2007 Philipp ......................... 345,174 
2009/0066674 A1* 3/2009 Maharyta et al. ............. 345,178 

OTHER PUBLICATIONS 

Quantum Research Group, Secrets of Successful QTouch Design, 
ApplicationNote AN-KD02 Rev. 103 (QRG Ltd. 2005), available at: 
http://www.atmel.com/ImageSian-kd02 103-touch secrets.pdf. 
Pushek Madaan, Priyadeep Kaur, Capacitive Sensing Made Easy, 
Part 1: An Introduction to Different Capacitive Sensing Technolo 
gies, (EE Times Apr. 16. 2012), available at: http://www.eetimes. 
com/design/industrial-control/4371081/An-introduction-to-Capaci 

tive-Sensing-Part-l; also available at http://www.cypress com/? 
docID=36129. 
SmartSense, Cypress Perform (Cypress Semiconductor Corp. 2013), 
available at http://www.cypress.com/?id=2014. 
SmartSense Tuning, Cypress Perform (Cypress Semiconductor 
Corp. Jun. 13, 2012), available at http://www.cypress.com/?id=4& 
rD=57554. 
Marguerite Reardon, Will 2013 be the Year of the SmartWatch?, 
(CNET NEWS Jan. 12, 2013), available at:http://news.cnet.com/ 
8301-1035. 3-57563407-94/will-2013-be-the-year-of-the 
SmartWatch/. 
International Search Report and Written Opinion of International 
Application No. PCT/US2014/012251, mailed Apr. 11, 2014, 7 pp. 

* cited by examiner 



U.S. Patent Jul. 28, 2015 Sheet 1 of 11 US 9,091,715 B2 

  



U.S. Patent Jul. 28, 2015 Sheet 2 of 11 US 9,091,715 B2 

it ----- XXX, 

ty 

seatersease 33 

30 - YYY 
    

  

    

  

    

  

  



U.S. Patent Jul. 28, 2015 Sheet 3 of 11 US 9,091,715 B2 

! --- 
: ) 

3. 

is 

s 

7's 83 f:3. 

g? i. 

FIG. 7C 

  

    

    

    

    

    

  



U.S. Patent Jul. 28, 2015 Sheet 4 of 11 US 9,091,715 B2 

  



U.S. Patent Jul. 28, 2015 Sheet 5 of 11 US 9,091,715 B2 

FIG. IO 

  

  



U.S. Patent Jul. 28, 2015 Sheet 6 of 11 US 9,091,715 B2 

FIG. I2 

  



U.S. Patent Jul. 28, 2015 Sheet 7 of 11 US 9,091,715 B2 

AAEANCE SENSNC 3 
& CA3 ATN 

WEAR MOTON 
ETEC 8N 

a -- : its (ARACTWE 
EEN SENSOR 

RF 
CAS3RAS 

FIG. I. 3 

As ASE SES : 
A38ASE) 

5 

WEAR y:N: CAPACTIVE 
DEEECTION TETEN SENSR 

SRS 
38&TON 

r - - - 
3 3.5 

as a lar as a Ferrara warrar. vara w: - M - is 
iCAPACTIVE 
i SENSOR 
- - - - - - 

FIG. 

'N CARACTIVE 
SENSOR 

- - - - - - 

14 

  



U.S. Patent Jul. 28, 2015 

NSSWR 
RANSEER 

St. 

pEER-C-EER 
RANSES 

PROCESSOR 

AAEASE SENSS 
S. CAE33CN: 

EAR 
SETECTION 

MOTION 
ESEN: 

RIFT 
A&R, 

AESS 

--4-- 

W . . . w 

CA 
SSS 

Sheet 8 of 11 

SS 

FIG. I5 

US 9,091,715 B2 

O) 

SENSY 

OSAf 

CAPACTIVE 
SENSOR 

| CONNECTOR 

- - - - - - 
535 / 

a was a a 

'N (APACTIVE 
SENSOR 

- - - - - - 

  

  

  



U.S. Patent Jul. 28, 2015 Sheet 9 of 11 US 9,091,715 B2 

SENSE STAR 
{{PA 

fightly 73 
w&re device wa 

CCS: FENENS R 
ME&SLRAB, 

Co3sixtive: 
surface 
detections 

REFORM 
DR: 

CAE, BRATION: 

YEAR"WATERS 
AS3RATSNS 

loosey 
wor: device 

6 

68 
OOOOOOOOOOO FIG. 1 7 

is; 8 3 
C&pacitalkee citatige 

FIG I 6 civic ic coin)oncit drift 

83 

8 

N&WS 
SRAE 
EEE 

ERFOSRM 
RF 

Ai. BRATION 

- T 
RF 

CA: SRATON 

SENS)& WS 
TSRESEC.' 

NERMITEN's 
ETEC's N' 

EACT As y&F 
(ASRATIN 

FIG. 18 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



U.S. Patent Jul. 28, 2015 Sheet 10 of 11 US 9,091,715 B2 

STAR 

SENSOR 
ERSITE 

SEFER RE' 
WA, FR AS3RAESN 
APAASCS 
CiANGE 

95. O 

&AA ANE sk - a Nirst set. YES PEREORS 
AES S&S v Na RF 

E33)'. S. A3RAON 

AACE A-CE 
ABWE EEC):N 

RSS' 

is 

CNCLE - AT 
ECES ENSE 

SITATE EWCE 
Ni LSE 

ROCESSES 

EFER & FT 
CSRAN 

(AAASE 
(ANN 

NERS: TEN.Y 

FIG. I9 

  



U.S. Patent Jul. 28, 2015 Sheet 11 of 11 US 9,091,715 B2 

CAPACTWE SENSOR 

SSES 
iPC3 AYER 

SENSSR (NST) 
iPCB OR 2 SECTION OF FIRST 

- HOLESNi, POR ON) CAFACTWE SENSOR of OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

SAR 

3:) 

CONSO3CTWE SECON of 
FS&ST ()SSC PSTN 

I). 
A3 3: E 
SENSE 
AERA (N 
G} 

FIG. 20 

  



US 9,091,715 B2 
1. 

WEARABLE DEVICE WITH CAPACTIVE 
SENSOR AND METHOD OF OPERATION 

THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present disclosure is related to co-pending U.S. patent 
application Ser. No. 13/776,103 “CAPACITIVE SENSOR, 
which is assigned to the same assignee as the present appli 
cation, and which is hereby incorporated by reference herein. 

FIELD OF THE DISCLOSURE 

The present disclosure relates generally to wearable 
devices and more particularly to capacitive sensors and meth 
ods of operation. 

BACKGROUND 

As mobile devices decrease in size due to continuing 
advances in miniaturization technologies, some have become 
“wearable devices' in the sense that these devices may be 
worn by a user as a fashion accessory Such as jewelry, an 
article of clothing, a portion of an article of clothing, etc. 
Because of the reduced size of these wearable devices, adding 
intelligent capabilities becomes challenging due to the lim 
ited space available for various sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing examples of wearable devices. 
FIG. 2 is an axonometric diagram of a wearable device 

having a capacitive sensor in accordance with an example 
embodiment. 

FIG. 3 is an axonometric diagram of a wearable device 
having a capacitive sensor in accordance with an example 
embodiment. 

FIG. 4 is one example cross-sectional view of a wearable 
device similar to that shown in FIG. 2. 

FIG. 5 is one example cross-sectional view of a wearable 
device similar to that shown in FIG. 3. 

FIG. 6 is an example cross-sectional view of a wearable 
device inaccordance with embodiments that are alternative to 
those shown in FIG. 4 and FIG.S. 

FIGS. 7A, 7B and 7C provide example cross-sectional 
views of various arrangements that may be used in wearable 
devices such as those shown in FIG. 2 and FIG. 9. 

FIG. 8 is an example assembly diagram of the wearable 
devices shown in the cross-sectional views of FIG. 7 such as 
FIG. 7A. 

FIG. 9 is an axonometric diagram of a wristwatch as an 
example wearable device having a capacitive sensor in accor 
dance with an embodiment. 

FIG. 10 is an axonometric diagram of a wristwatch as an 
example wearable device having a capacitive sensor in accor 
dance with an embodiment. 

FIG. 11 is an axonometric diagram of a wristwatch as an 
example wearable device illustrating positions of capacitive 
sensor components in accordance with various embodiments. 

FIG. 12 is an axonometric diagram of a wristwatch as an 
example wearable device having a capacitive sensor in accor 
dance with Some embodiments. 

FIG. 13 is a partial schematic block diagram of a wearable 
device in accordance with an example embodiment. 
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2 
FIG. 14 is a partial schematic block diagram of a wearable 

mobile device in accordance with various example embodi 
mentS. 

FIG. 15 is a partial schematic block diagram of a wearable 
mobile device in accordance with various example embodi 
mentS. 

FIG. 16 is a graph illustrating the usage of sensed capaci 
tance values in accordance with various embodiments. 

FIG. 17 is a flow chart showing a method of operation in 
accordance with an embodiment. 

FIG. 18 is a flow chart showing a method of operation in 
accordance with some embodiments. 

FIG. 19 is a flow chart showing a method of operation of a 
wearable device in accordance with some embodiments. 

FIG.20 is a partial schematic block diagram of a capacitive 
sensor as shown in FIG. 13 (or FIG. 14 or FIG. 15) and in 
accordance with various embodiments and shows the variable 
capacitances seen by the capacitive sensor when a conductive 
Surface comes within proximity. 

DETAILED DESCRIPTION 

The present disclosure provides methods of operation 
including determining that component drift for a capacitive 
sensor cannot be determined based on a capacitance sensed 
by the capacitive sensor, and accordingly deferring a drift 
calibration operation for the capacitive sensor while the 
capacitive sensor senses the capacitance. The capacitive sen 
Sor may be incorporated into a wearable device and opera 
tively coupled to capacitance sensing and calibration logic 
that is operative to perform various disclosed methods. In one 
example, the capacitance sensing and calibration logic is 
operative to determine that the capacitance sensed by the 
capacitive sensor meets a threshold that indicates that a con 
ductive surface is within proximity of the capacitive sensor. 

Another disclosed method includes determining that a 
wearable device, that includes the capacitive sensor, is in 
motion based on sensed intermittent changes in the capaci 
tance value and reached limits. Various disclosed methods 
determine when performance of drift calibration is appropri 
ate. Some methods include sending control signals to com 
ponents or applications of a wearable device in response to 
certain capacitances sensed by a capacitance sensor or other 
considerations that are described herein below. 

Turning now to the drawings wherein like numerals repre 
sent like components, FIG. 1 is a diagram showing example 
wearable devices 100. A wearable device may include any 
suitable structure and therefore the possible wearable devices 
are not limited to the example wearable devices 100 shown in 
FIG. 1. The example wearable devices 100 include a medal 
lion or pendant 109 attached to a lanyard or chain 111, a ring 
107, a wristwatch 101 having wristband segments 103 and 
105, and abutton or brooch 113 which may include a pin (not 
shown) for attaching to clothing. Alternatively the button or 
brooch 113 may be sewn to clothing such as a shirt or blouse 
button, etc. Other example wearable devices may include an 
anklet, a belt buckle, etc. 

Axonometric diagrams of wearable devices having a 
capacitive sensor in accordance with example embodiments 
are shown in FIG. 2 and FIG. 3. The example embodiments 
shown in FIG. 2 and FIG.3 may be implemented as any of the 
example wearable devices 100 shown in FIG. 1 or any other 
suitable wearable device. In the example embodiment of FIG. 
2, a wearable device 200 includes a housing 203 and a con 
ductive cover 201 which is connected to ground. Although the 
housings in FIG. 2 and FIG. 3 are shown as rectangular for 
example purposes, it is to be understood that the housing of a 
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wearable device may have any suitable shape. A sensor con 
ductor 205 is fitted into a circular cutout portion of the hous 
ing 203 and is isolated from the conductive cover 201 using a 
non-conductive insulating ring 207 which surrounds the 
perimeter of sensor conductor 205 which is likewise circular. 
The circular shape of the sensor conductor 205 is only an 
example in that the sensor conductor 205 may have any of 
Various shapes such as Square, rectangular, triangular, octago 
nal, hexagonal, or some other shape or design. The sensor 
conductor 205 and the grounded conductive cover 201 serve 
as self-capacitance capacitive sensor components and are 
coupled to other capacitive sensor components which form 
circuitry of the capacitive sensor located within the housing 
203. That is, a self-capacitance capacitive sensor senses a 
capacitance where the sensor conductor forms one “plate 
(i.e. one conductive Surface) of a capacitor and a second 
conductive Surface in proximity to the sensor conductor (Such 
as the user's skin, i.e. a finger, a wrist, etc.) forms the other 
“plate of the capacitor. The second conductive surface must 
also be in proximity to ground Such that earth ground is 
coupled to battery ground of the capacitive sensor in order to 
complete the circuit. 

Another example embodiment is the wearable device 300 
shown in FIG. 3. The wearable device 300 also includes a 
housing 303 and conductive cover 301. In the example of 
FIG. 3, the sensor conductor 305 includes a conductive con 
nection line 307 which extends from the sensor conductor 305 
to an aperture 309. The aperture 309 is insulated from the 
conductive cover 301 by way of an insulating grommet 311. 
The sensor conductor 305 and the conductive connection line 
307 are both insulated from the conductive cover 301 by a 
non-conductive insulating material 313 such as an insulating 
tape. The insulating tape may be, for example, a polyimide 
material or any other Suitable non-conductive insulating 
material. The surfaces of the sensor conductor 205, and sen 
sor conductor 305 and conductive connection line 307, will 
also be covered by a non-conductive layer Such as, but not 
limited to, a non-conductive coating, a non-conductive tape or 
laminate, etc. 

In the examples of both FIG. 2 and FIG.3, in some embodi 
ments, the respective cover 201 and cover 301 may form part 
of the respective housings and therefore may be considered to 
be more like a section or portion of the housing rather than a 
“cover.” That is, a “cover as discussed herein may be remov 
able, or not removable, and may be a half or other portion of 
a wearable device housing such that the “cover may contain 
Some components of the wearable device (including compo 
nents of a capacitive sensor) and the “housing or other por 
tion of the housing may contain other components of the 
wearable device. In other words, a “housing and “cover as 
used herein may be considered to be housing portions, such as 
first and second housing portions, that forman enclosure that 
contains the components of a wearable device. The enclosure 
may be sealed Such that the housing and cover are not sepa 
rable, or, the cover may be removable to access internal com 
ponents such as an internal battery that may be replaceable, a 
memory card, or some other component. Put another way, the 
housing is an enclosure that has a first portion and a second 
portion, where one of the first portion or the second portion 
may be considered to be a cover of the housing or enclosure. 

Cross-sectional views of the wearable device 200 and 
wearable device 300 are provided in FIG. 4 and FIG. 5, 
respectively. The sensor conductor 205, which is surrounded 
by the non-conductive insulating ring 207, may be press fit or 
otherwise have an interference fit into a circular cutout por 
tion of the conductive cover 201 to form the cross section as 
shown in FIG. 4. A non-conductive layer 217 may be applied 
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4 
as a coating or may be some other Suitable non-conductive 
material. Within the housing 203, and below the conductive 
cover 201, is a printed circuit board (PCB) 209 which may be 
a flexible circuitboard. A connection wire 213, or some other 
Suitable connection, forms an electrical connection between 
the sensor conductor 205 and an appropriate trace line on the 
PCB surface 211. Although a connection wire 213 is shown in 
the example of FIG. 4, a suitable connection may be formed 
using other means such as, but not limited to, a section of 
flexible PCB, a segment of conductive tape, a conductive 
Spring, a spring contact Such as a spring loaded pin contact, or 
any other Suitable type of electrical connection. An air gap 
may be present between the PCB surface 211 and the bottom 
surface of the conductive cover 201 in some embodiments 
however Some non-conductive insulating material may be 
present. 
When the capacitive sensor is operating, parasitic capaci 

tance will exist between at least the perimeter of the sensor 
conductor 205 and the conductive cover 201 due to the gap 
between the sensor conductor 205 and the conductive cover 
201 which is filled by the non-conductive insulating ring 207. 
Additional parasitic capacitance may also exist between the 
sensor conductor 205 and trace lines on the PCB surface 211. 
When a conductive surface 215 comes within proximity of 
the sensor conductor 205, or in contact with the surface of the 
non-conductive layer 217, an additional capacitance is 
formed between the conductive surface 215 and the sensor 
conductor 205 thereby affecting the overall capacitance seen 
by the capacitive sensor. The conductive surface 215 may 
only come within proximal distance of the sensor conductor 
205 and conductive cover 201 or may come into contact with 
the surface of non-conductive layer 217 to produce various 
capacitance values sensed by the capacitive sensor. 
The cross-sectional view of the wearable device 300 illus 

trated in FIG. 5 shows the sensor conductor 305 and the 
conductive connection line 307 positioned on top of the non 
conductive insulating material 313. As discussed above, the 
non-conductive insulating material 313 may be any Suitable 
non-conductive insulating material Such as a polymer and 
maybe a polyimide Such as a polyimide tape or laminate. The 
sensor conductor 305 and the conductive connection line 307 
are also covered by non-conductive material segments 325 
and 323, respectively, which may also be formed from a 
polyimide tape or laminate or may be a non-conductive coat 
ing material. In some embodiments, the non-conductive cov 
ering material, which may be a coating, may cover the entire 
surface of the conductive cover 301 including the sensor 
conductor 305 and conductive connection line 307. The con 
ductive connection line 307 extends from the sensor conduc 
tor 305 up to some suitable position above the aperture 309so 
that the conductive connection line 307 either continues 
through the aperture 309 or is further connected, by for 
example connection wire 319, to an appropriate trace on the 
PCB surface 317 of PCB 315. The connection wire 319 may 
either be an extension of the conductive connection line 307, 
a segment of conductive tape, a flexible connection line or 
piece of flexible PCB, a conductive spring, a spring contact 
Such as a spring loaded pin contact, or any other Suitable type 
of electrical connection. The conductive cover 301 is con 
nected to circuit ground within the housing 303. Similar to the 
example illustrated in FIG. 4, and air gap may exist between 
the bottom surface of the conductive cover 301 and PCB 
Surface 317, or alternatively. Some non-conductive insulating 
material may be present. The capacitive sensor again may be 
actuated by a conductive Surface 321 coming within a proxi 
mal distance of the sensor conductor 305 and conductive 
cover 301, or into contact with one or both of the non-con 
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ductive material segments 323 and 325. The conductive sur 
face 321 may also come into full contact with the surface of a 
non-conductive layer or coating that covers the entirety of the 
sensor conductor 305 and conductive cover 301 as was dis 
cussed above. 5 

Another example embodiment is illustrated by the cross 
section of wearable device 400 shown in FIG. 6. The wearable 
device 400 includes a multi-layer PCB 405 which may be a 
double-sided PCB or some other type of multi-layer PCB, 
which may be a flexible PCB, and which is positioned within 10 
the housing 403. A sensor conductor 407, which may be 
circular or some other shape, is formed as a conductive trace 
on the PCB surface 413 of multi-layer PCB 405. On the 
opposite side of a non-conductive layer 409 is a shield 411 
which is formed by a conductive plane Such as a copperplane. 15 
The shield 411 is a driven shield which is driven to the same 
potential as the sensor conductor 407 to protect against cou 
pling or interference with any circuit or other components 
physically located below the multi-layer PCB 405 within the 
housing 403. A non-conductive cover 401 is situated above 20 
the multi-layer PCB 405 and may also be a cover of the 
housing 403. The non-conductive cover 401 may be formed 
from any Suitable non-conductive material Such as, but not 
limited to, a thermoplastic polymer and may be a polycarbon 
ate material in some embodiments. The bottom surface of the 25 
non-conductive cover 401 may directly contact the sensor 
conductor 407 Surface or an air gap may be present in some 
embodiments. The capacitive sensor is activated when a con 
ductive surface 415 comes within a proximal distance of, or in 
contact with, the top surface of the non-conductive cover 401 30 
Such that a capacitance is formed between the conductive 
surface 415 and the sensor conductor 407. The sensor con 
ductor 407 may be suitably coupled to other capacitive sensor 
components by trace lines on the PCB surface 413 and/or by 
PCB via (not shown) penetrating the layers of the multi-layer 35 
PCB 405 to couple with other capacitive sensor components 
forming the capacitive sensor circuitry located within the 
housing 403. 

Other example embodiments are illustrated in FIGS. 7A, 
7B and 7C by the cross-sectional views of respective wear- 40 
able devices 700,730 and 760. An example assembly view is 
also provided in FIG. 8, to shown further example details of 
the wearable device 700 shown in FIG. 7A. In FIG. 7A and 
FIG. 8, a non-conductive, decorative medallion 705 is fitted 
into acutout or bore 801 of a conductive cover 701 that covers 45 
a housing 703 of wearable device 700. The decorative medal 
lion 705 is “decorative' in that it may include a design on its 
Surface Such as, but not limited to, a company logo, a user's 
initials, or some other design, etc. In the example of FIG. 7A, 
the decorative medallion 705 is secured into the cutout or bore 50 
801 using a non-conductive, insulating grommet 707 and an 
adhesive 717 which forms an adhesive layer that secures the 
decorative medallion 705 to the PCB Surface 713. The PCB 
711 may be a flexible PCB and may be a single layer or 
multi-layer PCB in the various embodiments. The adhesive is 55 
non-conductive and may be an epoxy, Such as an epoxy resin 
or some other Suitable non-conductive adhesive formulation, 
or may be a non-conductive adhesive tape. One example of a 
non-conductive adhesive tape may be a double coated tape 
with a pressure sensitive adhesive on one side and an acrylic 60 
adhesive on the other side. In some embodiments, the tape 
may be formed using a polyester film carrier and have the 
coatings described above. 
The insulating grommet 707 has a T-shaped cross-section 

as shown and has an appropriate shape so that it surrounds the 65 
perimeter of the decorative medallion 705. For example, the 
insulating grommet 707 may be circular for embodiments in 

6 
which the cutout or bore 801 and decorative medallion 705 
are circular. However, the insulating grommet 707 may be any 
Suitable shape Such as, but not limited to, oval, triangular, 
rectangular, Square, hexagonal, octagonal, or Some other 
shape etc. So as to fit, and provide electrical insulation and a 
water seal for, like-shaped decorative medallions. That is, the 
decorative medallion 705 may also be any shape. The 
example insulating grommet 707 includes an axially extend 
ing cylindrical portion 708 that extends from a radial disc 
portion 712. The axially extending cylindrical portion 708 
has an inner diameter suitable to forman interference fit with 
the outer diameter of the decorative medallion 705. The outer 
diameter of the axially extending cylindrical portion 708 
inserts into the cutout or bore 801 and is sized to form an 
interference fit therewith. A bottom surface of the radial disc 
portion 712 is seated on the PCB surface 713 and may also be 
secured using an adhesive. The radial disc portion 712 
includes a radially inwardly extending portion 709 on which 
the decorative medallion 705 is seated and which forms a 
water tight seal, along with adhesive 717, between the deco 
rative medallion 705 and the PCB 711. The conductive cover 
701 is seated on a radially outwardly extending portion 710 
which also forms a water tight seal, along with adhesive 719, 
between the conductive cover 701 and the PCB 711. 
The adhesive 719 surrounds at least the outer perimeter of 

the radially outwardly extending portion 710 and forms an 
adhesive layer between the bottom surface of the conductive 
cover 701 and the PCB surface 713, and helps secure the 
conductive cover 701 to the PCB surface 713. The adhesive 
layer formed by adhesive 717 and the adhesive layer formed 
by adhesive 719 are coplanar, and may be separated only by a 
portion of the grommet 707 that contacts the same respective 
surfaces. That is, the adhesive 717 fills the circular area 
formed by the inner circumference of the radially inwardly 
extending portion 709 and forms an adhesive layer between 
the bottom surface of the decorative medallion 705 and the 
PCB surface 713, and also helps secure the decorative medal 
lion 705 to the PCB surface 713. As mentioned above, the 
insulating grommet 707, along with the adhesive layers 
formed by adhesives 717 and 719, form water tight seals that 
prevent water or other liquids from seeping around the cutout 
or bore 801 and getting onto the PCB surface 713 or into the 
housing 703. The insulating grommet 707 may be formed 
from a Suitable elastomeric material Such as a suitable Syn 
thetic rubber and may be flexible material. The adhesives 717 
and 719 may be the same adhesives, that is, an epoxy, Such as 
an epoxy resin or some other Suitable non-conductive adhe 
sive formulation as discussed above. 
A sensor conductor 715 is positioned on the PCB surface 

713, beneath the decorative medallion 705, and may also be 
covered by the adhesive 717. The sensor conductor 715 may 
be circular as shown in the example of FIG. 8, and is formed 
from copper conductor on the PCB surface 713. In other 
examples, the sensor conductor 715 may be any shape Such 
as, but not limited to, oval, triangular, rectangular, square, 
hexagonal, octagonal, or some other shape etc. The sensor 
conductor 715 may be coupled to other circuitry using copper 
trace lines along the PCB surface 713, and/or by via running 
through one or more layers of the PCB 711. 
The cross-sectional views of FIGS. 7B and 7C illustrate 

examples that do not use the insulating grommet 707. In FIG. 
7B the wearable device 730 includes a decorative medallion 
735 fitted into a cutout or bore of a conductive cover 731 with 
an interference fit 737 between the perimeter of the decorative 
medallion 735 and the inner surface or the conductive cover 
731 cutout or bore. The conductive cover 731 covers a hous 
ing 733 which contains PCB 741 which may be a flexible 
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PCB and may have one or more layers. The PCB surface 743 
of PCB 741 includes a sensor conductor 745 which may have 
any shape. The decorative medallion 735 is secured to the 
PCB surface 743 by an adhesive layer formed by adhesive 
747 which may cover the surface of sensor conductor 745. 
The cover 731 is also secured to the PCB surface 743 by 
adhesive 749 which forms an adhesive layer that is coplanar 
with the adhesive layer formed by adhesive 747. A tolerance 
gap 739 may be present between the adhesive layers formed 
by adhesives 749 and 747 to allow for expansion of the 
adhesives due to, for example, temperature or pressure, or 
other conditions. The adhesives 747 and 749 are the same 
type as discussed for FIG. 7A above. 

The example wearable device 760 shown in FIG. 7C has 
the same features as the wearable device 730 and therefore 
includes a decorative medallion 765 fitted into a cutout or 
bore of a conductive cover 761 with an interference fit 767 
between the perimeter of the decorative medallion 765 and 
the inner surface or the conductive cover 731 cutout or bore. 
Adhesive 777 secures the decorative medallion 765 to the 
PCB surface 773 of PCB 771. In this example, PCB 771 is a 
multi-layer flexible PCB and includes a shield 783 which is 
formed by a conductive layer on a PCB surface opposite the 
sensor conductor 775. Like the example provide in FIG. 6, the 
shield 783 is a driven shield which is driven to the same 
potential as the sensor conductor 775 to protect against cou 
pling or interference with any circuit or other components 
physically located below the multi-layer PCB 771 within the 
housing 763. Adhesive 779 secures the conductive cover 761 
to the multi-layer PCB 771 to cover the housing 763 and 
forms an adhesive layer that is coplanar to the adhesive layer 
formed by adhesive 777. A tolerance gap 769 may be present 
between the adhesive layers formed by adhesives 777 and 779 
to allow for expansion of the adhesives due to, for example, 
temperature or pressure, or other conditions. The adhesives 
shown in both FIG. 7B and FIG. 7C form watertight seals 
between the respective conductive covers and PCB surfaces 
to prevent water or other liquid or debris from contaminating 
the PCB surfaces 743, 773 or from getting into the housings 
733, 763. The watertight seal is achieved in the examples of 
FIG. 7B and FIG. 7C without the need for the grommet 707 
shown in the FIG.7A example. The adhesives 777 and 779 are 
the same type as discussed for FIG. 7A and FIG. 7B above. 

In operation of any of the configurations shown in FIG. 7A, 
7B or 7C, a capacitance change is sensed by the respective 
capacitive sensors when the conductive surface 723 comes 
within proximity of the sensor conductors 715, 745, 775, or 
into contact with the surface of the non-conductive decorative 
medallions 705, 735 or 765. The decorative medallions 
described above may be considered to be a “section' of the 
conductive covers, or, in other words, a section of a portion of 
the wearable device housing. Put another way, the wearable 
device housings have a first portion that houses a PCB with a 
sensor conductor, and a second portion that has a conductive 
section and a non-conductive section. The conductive section 
of the second portion (Such as the cover) is connected to 
ground. The non-conductive section of the second portion is 
the decorative medallion which is positioned above or over 
the sensor conductor on the PCB. The perimeter of the deco 
rative medallion is larger than the perimeter of the sensor 
conductor such that the sensor conductor perimeter would fit 
within the perimeter of the decorative medallion. 

It is to be understood that the cross-sectional views pro 
vided in FIG. 4, FIG. 5, FIG. 6, FIGS. 7A, 7B, and 7C and 
described herein, are examples only for purposes of describ 
ing the arrangement of components relative to one another 
and are not to scale and illustrate certain components such as 
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8 
the various PCBs in a simplified manner. That is, the various 
PCBs depicted may consist of multiple layers not shown such 
as, for example, coverlays formed from polyimide or other 
Suitable non-conductive materials, various adhesive layers, 
conductive trace layers and sections, various non-conductive 
layers, via for connecting points on various layers, etc., and 
Such other layers, via, etc., not shown, but where necessary, 
are understood to be present by those of ordinary skill. Also, 
the assembly view of FIG. 8 is likewise an example for the 
purpose of description of components relative to one another, 
as well as describing some features of the components, and is 
not to Scale. 
Some example dimensions will now be provided for an 

example embodiment related to FIG. 7 and FIG.8. However, 
it is to be understood that these dimensions are examples only 
that are not to be construed as limiting or requirements and 
that, in light of the disclosure and description provide herein, 
such dimensions may be modified by those of ordinary skill to 
arrive at various other contemplated embodiments that have 
different dimensions and different parasitic capacitances and 
that such other embodiments are contemplated by the inven 
tors in disclosing Such example dimensions. That is, the 
example dimensions provided are approximate in that they 
are not only to be understood as being within some mechani 
cal tolerance suitable for the example embodiment, but also 
may be modified in relation to other components by increased 
or reduced values that retain the features and functions 
described herein as contemplated by the disclosed embodi 
ments. Example dimensions in one example embodiment 
include a distance 721 from the perimeter edge of the sensor 
conductor 715 to the edge of the internal surface of the cutout 
or bore 801 of the conductive cover 701. An example distance 
721 may be approximately 1.0 mm. Likewise, the distances 
751 and 781 may be approximately 1.0 mm. The adhesive 
layers formed by adhesives 717 and 719 may be approxi 
mately 0.05 mm thick between the PCB surface 713 and the 
bottom surfaces of the decorative medallion and the conduc 
tive cover 701, respectively. The conductive cover 701 may 
have an approximate thickness of 0.3 mm. The decorative 
medallion 705 may be circular as shown in FIG. 8, but is not 
limited to being circular, and may have a diameter of approxi 
mately 12 mm and a thickness of 0.3 mm. The sensor con 
ductor 715 may be circular and may have a diameter of 
approximately 10 mm. The PCB 711, which may be a flexible 
PCB, may have a thickness of approximately 0.1 mm or 
thicker depending on the number of layers incorporated in the 
PCB 711. For example, multi-layer PCB 771 which includes 
shield 783 will be thicker than PCB 711 due to having the 
additional layer to form shield 783. With respect to the insu 
lating grommet 707, the axially extending cylindrical portion 
708 that extends from the radial disc portion 712 as measured 
from the connected surface of the radial disc portion 712, may 
have a height of approximately 0.3 mm to match the respec 
tive thicknesses of the decorative medallion 705 and the con 
ductive cover 701 as illustrated in the cross-sectional view of 
FIG. 7. Other relative thicknesses and distances may be used 
in other embodiments that result in different parasitic capaci 
tances between the various components and that may affect 
the baseline, untouched capacitance value of the sensor 
accordingly and any such embodiments are contemplated by 
the present disclosure. In operation, as a conductive surface 
723 gets near to the outer surfaces of the conductive cover 701 
and the decorative medallion 705, or like components in FIG. 
7B and FIG.7C, a capacitance change, from an "untouched 
standalone capacitance will be sensed using the sensor con 
ductor 715 or sensor conductors 745 and 775 in FIG. 7B and 
FIG.7C, respectively. 
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The example assembly view of FIG. 8 also shows that a 
shield 803 may also be included and is larger than the perim 
eter of the sensor conductor 715. In the FIG. 8 example, the 
shield 803 is circular with a diameter larger than the diameter 
of circular sensor conductor 715. However, the shield may 
form a layer that covers an entire surface of the PCB 711 in 
Some embodiments. 

Various additional example embodiments are provided in 
FIG.9, FIG. 10, FIG. 11 and FIG. 12. The example embodi 
ment shown in FIG. 9 may employ any of the capacitive 
sensor configurations shown and described in FIG. 4, FIG. 6, 
FIGS. 7A, 7B, 7C and FIG.8. A wristwatch900 includes two 
wristband segments 907 and 909 which are attached to a 
housing 905 and which include a conductive cover 901 which 
is grounded. In some embodiments, a circular sensor conduc 
tor 903 is positioned within a corresponding circular cut-out 
or bore of the conductive cover 901 and is insulated by a 
non-conductive insulating ring or grommet 911. When a user 
places the wristwatch 900 on the user's wrist, and fastens the 
wristband segment 907 to wristband segment 909, the sensor 
conductor 903 will sense capacitance due to the user's wrist 
(which acts as a conductive surface) and will thereby detect 
that the wristwatch 900 is in use. In other embodiments, the 
sensor conductor 903 may be located on a PCB beneath the 
conductive cover 901 such that the sensor conductor 903 is 
not visible. In such embodiments, a non-conductive, decora 
tive medallion, which may be circular, or some other shape, 
may be fitted within the cutout as was described with respect 
to FIGS. 7A, 7B and 7C. In FIG. 10, an example wristwatch 
1000 includes a sensor conductor 1003 positioned on a con 
ductive cover 1001 along with a conductive extension line 
1011. The conductive extensionline 1011 connects the sensor 
conductor to capacitive sensor components within the hous 
ing 1005 using an aperture 1013 which is insulated by an 
insulating grommet 1015. The conductive extension line 
1011 is electrically connected through the aperture 1013 to 
other capacitive sensor components that form the capacitive 
sensor circuitry located within the housing 1005. The cross 
sectional view shown in FIG. 5 is an example of a configura 
tion that may be used in conjunction with the example wrist 
watch 1000 shown in FIG. 10. When the wristwatch1000 user 
fastens the wristband segment 1007 with the wristband seg 
ment 1009 around the user's wrist, the sensor conductor 1003 
will form a capacitance with the user's wrist as a conductive 
Surface, and the capacitive sensor will sense a change in 
capacitance indicating that the wristwatch 1000 is in use. The 
sensor conductor 1003 and the conductive extension line 
1011 are insulated from the grounded conductive cover 1001 
via non-conductive insulating material 1017 and are insulated 
from the user's wrist via a similar non-conductive insulating 
material or by a non-conductive coating. 

FIG. 11 and FIG. 12 provide additional examples for how 
the sensor conductor and ground conductor may be config 
ured and positioned in embodiments related to an example 
wristwatch 1100 and an example wristwatch 1200, respec 
tively. In the example of FIG. 11, various optional possible 
conductor positions are illustrated by dotted lines. For 
example, conductor 1103 may be located within a cutout or 
bore of the cover 1101 which may be a conductive cover in 
some embodiments. The cover 1101 covers a housing 1105. 
In another embodiment, the conductor 1103 may be located 
beneath the cover 1101 such that it is not visible to the user. 
Examples of such configurations are provided in FIGS. 6, 7A, 
7B and 7C which are described in detail above. For example, 
as shown in FIG. 7A and FIG. 8, the conductor is located 
beneath a non-conductive, decorative medallion. In embodi 
ments where the cover 1101 is conductive, and where the 
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10 
conductor 1103 is located either embedded in or on top of the 
cover 1101, an appropriate insulator 1111 may be used to 
isolate the conductor 1103. A wristband conductor 1113 posi 
tioned on wristband segment 1107, or a wristband conductor 
1115 positioned on wristband segment 1109, may also be 
used in some embodiments. That is, any one of conductor 
1103, wristband conductor 1113 or wristband conductor 
1115 may be used as a sensor conductor while one of the other 
conductors serves as a ground conductor. For example, con 
ductor 1103 may be used as a sensor conductor and wristband 
conductor 1113 or wristband conductor 1115 may be used as 
a ground conductor. Alternatively, one of the wristband con 
ductors 1113 or 1115 may be used as the sensor conductor and 
the conductor 1103 may be used as the ground conductor. In 
some embodiments, one of the wristband conductors 1113 or 
1115 may be used as the sensor conductor with the other 
wristband conductor being used as the ground conductor. In 
yet another alternative embodiment example, one of the 
wristband conductors 1113 or 1115 may be used as a sensor 
conductor while the cover 1101, if conductive, may be used as 
a ground conductor. Therefore it is to be understood that 
various combinations of the optional conductor positions 
illustrated in FIG. 11 may be arranged so as to implement a 
sensor conductor and a ground conductor for purposes of 
creating a self-capacitance capacitive sensor. Also, in other 
embodiments, any two of the optional conductor locations 
shown in FIG. 11 may be used to create a mutual capacitance 
capacitive sensor with one conductor serving as transmit con 
ductor and another conductor serving as a receive conductor. 
The example wristwatch 1200 shown in FIG. 12 includes 

the housing 1205 which has a wristband segment 1207 and a 
wristband segment 1209 attached and a cover 1201 which 
covers the housing 1205. In the example of FIG. 12, cover 
1201 is divided into a first section 1211 and a second section 
1213 divided as shown by the demarcation line 1203 which is 
for illustrative purposes only. The first section 1211 and the 
second section 1213 may both be conductive sections. How 
ever, in some embodiments, one section may be conductive 
and the other section may be non-conductive. In this case, a 
sensor conductor may be located beneath the non-conductive 
section and the conductive section may be grounded to create 
a self-capacitance sensor scheme. In other embodiments, 
where both sections are conductive, a self-capacitance 
capacitive sensor Scheme may be created by using one of the 
first or second sections 1211 or 1213 as the sensor conductor 
and using the other of the two conductive sections as a ground 
conductor accordingly. The configuration illustrated in FIG. 
12 may also be used in some embodiments to implement a 
mutual capacitance capacitive sensorscheme with one side as 
a transmit conductor and the other as a receive conductor. In 
yet other embodiments, a mutual capacitance grid may be 
formed by dividing the surface of the cover 1201 into many 
sections (i.e. more than two) to form multiple transmit and 
receive sections such as in a grid. Alternatively, the PCB may 
be routed to form such a grid, similar to a mobile phone touch 
SCC. 

FIG. 13, FIG. 14 and FIG. 15 are partial schematic block 
diagrams of wearable devices that are examples of appara 
tuses inaccordance with various embodiments. FIG. 13, FIG. 
14 and FIG. 15 provide examples of wearable devices for the 
purpose of describing to those of ordinary skill how to make 
and use the disclosed subject matter by way of various 
embodiments. FIG. 20 is a partial schematic block diagram 
that provides further details of a capacitive sensor shown in 
FIG. 13 in accordance with various embodiments. It is to be 
understood that FIG. 13, FIG. 14, FIG. 15 and FIG. 20 are 
partial schematic block diagrams in that, although the dia 



US 9,091,715 B2 
11 

grams show at least those components necessary to describe 
the features and advantages of the various embodiments to 
those of ordinary skill, various other components, circuitry, 
and devices may be necessary in order to implement a com 
plete functional apparatus such as the example wearable 
devices and that those various other components, circuitry, 
devices, etc., are understood to be present by those of ordinary 
skill. 

FIG. 13 illustrates a wearable device 1300 having a capaci 
tive sensor 1301 and capacitance sensing and calibration 
logic 1320 operatively coupled via connection path 1303. 
That is, there may be one or more intermediate or intervening 
components between, or along the connection path 1303 such 
that the capacitive sensor 1301 and the capacitance sensing 
and calibration logic 1320 are understood to be operatively 
coupled. The partial schematic block diagram of FIG. 13 is 
applicable to any of the various embodiments having physical 
configurations similar to those illustrated in FIG. 2, FIG.3, or 
to the cross-sectional views shown in FIG.4, FIG.5, FIG. 6 or 
FIG. 7A, 7B, 7C. The capacitive sensor 1301 drives the 
capacitance sensing and calibration logic 1320 along the con 
nection path 1303 in response to a conductive surface placed 
within proximity of the capacitive sensor 1301. A conductive 
Surface may be, for example, a user's finger, wrist, or some 
other portion of the user's skin serving as the conductive 
Surface, an article of clothing, or a patch of conductive mate 
rial that is either included within or attached to an article of 
clothing. In response to changes in capacitance sensed by the 
capacitive sensor 1301, the capacitance sensing and calibra 
tion logic 1320 may make various determinations. For 
example, the capacitance sensing and calibration logic 1320 
may determine whether the user is wearing a wearable device 
1300, whether the user wearing the wearable device 1300 is in 
motion, and possibly whether the user is wearing the wear 
able device 1300 loosely or tightly based on when the wear 
able device 1300 comes into proximity or makes intermittent 
contact with a conductive surface such as the user's wrist. The 
capacitance sensing and calibration logic 1320 may include 
components such as wear detection logic 1321, motion detec 
tion logic 1325 and drift calibration logic 1323. These com 
ponents may interact and communicate with one another as 
needed to accomplish their respective functions. For 
example, the wear detection logic 1321 may provide control 
signaling to the drift calibration logic 1323 to defer drift 
calibration procedures under appropriate conditions deter 
mined by the wear detection logic 1321. Likewise the wear 
detection logic 1321 may communicate and receive informa 
tion from the motion detection logic 1325. In some embodi 
ments, the wear detection logic 1321 and motion detection 
logic 1325 may be integrated into a single component. For 
example, the wear detection logic 1321 may determine that 
the user is wearing the wearable device 1300 and the motion 
detection logic 1325 may determine that the user is also in 
motion. Under Such circumstances, the wear detection logic 
1321 may send a control signal to the drift calibration logic 
1323 to defer drift calibration if the user is wearing the wear 
able device 1300 loosely. This may be accomplished in vari 
ous ways Such as, but not limited to, deactivating the drift 
calibration logic 1323, or by placing the drift calibration logic 
1323 into a suspended mode or sleep mode or by imposing a 
wait state in which the drift calibration logic 1323 waits for 
further instructions before commencing further activity. The 
wear detection logic 1321 may also send a control signal to 
the drift calibration logic 1323 to start drift calibration as soon 
as the user is determined by the wear detection logic 1321 to 
be not in proximity with the sensor such as when the wearable 
device 1300 is loosely worn and somewhat away from the 
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user (i.e. the conductive surface) for an extended period of 
time such as for a number of seconds. The motion detection 
logic 1325 may assess motion from the capacitance profile 
behavior Such as by using capacitance values, timing, fluc 
tuations, peaks and lows, limits, etc. These methods of opera 
tion are described in further detail with respect to various 
other drawings provided herein. 
The capacitance sensing and calibration logic 1320 or any 

of its component logic may be implemented independently as 
Software and/or firmware executing on one or more program 
mable processors (including CPUs and/or GPUs), and may 
also include, or may be implemented independently, using 
ASICs, DSPs, hardwired circuitry (logic circuitry), or com 
binations thereof. That is, the capacitance sensing and cali 
bration logic 1320 may be implemented using an ASIC, DSP 
executable code executing on a processor, logic circuitry, or 
combinations thereof. Further example details of a capacitive 
sensor 1301 are provide in FIG. 20 which is described below, 
after a discussion of various structures that may be used in the 
various embodiments to obtain a sensor conductor and a 
ground conductor in a wearable device. That is, FIG. 20 is 
best understood in relation to the various possible structures 
that may be used in the various embodiments. 
The partial schematic diagram of FIG. 14 illustrates vari 

ous examples of how the entire capacitive sensor, or capaci 
tive sensor components in Some embodiments, may be posi 
tioned on a wearable device 1400. That is, the partial 
schematic diagram of FIG. 14 illustrates possible electrical 
configurations that may be used in example embodiments 
having physical configurations such as the wristwatch 900 
illustrated in FIG. 9, the wristwatch 1000 illustrated in FIG. 
10, the wristwatch 1100 illustrated in FIG. 11 or the wrist 
watch 1200 illustrated in FIG. 12. Therefore in FIG. 14, 
various blocks (capacitive sensor 1401, 1433, 1443; connec 
tors 1403, 1405, 1431, 1441, 1435, 1445) are shown having 
dotted lines to illustrate that various physical positions may 
be selected for the capacitive sensor or distributions of the 
capacitive sensor components. A “capacitive sensor compo 
nent” refers to the sensor conductor, the sensor ground con 
ductor, any shield, and capacitive sensor circuit components 
including a PCB. That is, the “capacitive sensor blocks 
shown as dotted line blocks in FIG. 14 may refer to positions 
of some, or all, “capacitive sensor components' in embodi 
ments where the conductive components are placed, for 
example, with one conductor on a wristband and another on 
the wearable device housing; both conductors on a single 
wristband; one conductor on each wristband, etc. Further 
more, in addition to the above example combinations being 
used to implement self-capacitance schemes, the conductor 
combinations may alternatively be used as transmit and 
receive sensor locations for mutual capacitance implementa 
tions in some embodiments. A complete "capacitive sensor' 
as used herein refers to the set of "capacitive sensor compo 
nents' required to implement the “capacitive sensor.” 
Examples of the “capacitive sensor components' include, but 
are not limited to, the sensor conductor, ground conductor, 
shield conductors, oscillators, comparators, clocking circuits, 
operational amplifiers, other active components such as tran 
sistors, and passive components such as, but not limited to, 
the capacitors that may be formed by the sensor conductor 
and ground conductors all of which are understood to be 
present by those of ordinary skill for implementing self 
capacitance or mutual capacitance capacitive sensors. In 
Some embodiments, some of the capacitive sensor compo 
nents may be integrated into, or provided by, the capacitance 
sensing and calibration logic 1420. 
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In one example, capacitive sensor 1401 (including all 
capacitive sensor components) may be physically positioned 
on or within the housing of the wearable device 1400 as 
shown in the various example configurations of FIG. 2, FIG. 
3, FIG. 9 through FIG. 12 and the cross-sectional views of 
FIG. 4through FIG.7. Similar to the examples described with 
respect to FIG. 11, the capacitive sensors 1433 and 1443 may 
be located on wristbands 1430 or 1440, respectively. For 
example, the capacitive sensor 1433 may be the capacitive 
sensor for the wearable device 1400 and may be coupled to 
connector 1431 of the wristband 1430 using a flexible con 
nection 1435. The connector 1431, is coupled to the capaci 
tive sensor 1433 and is also coupled to the housing of the 
wearable device 1400 by connector 1403. The combination of 
connector 1403 and connector 1431 may also be flexible such 
that flexing of the wristband 1430 does not damage or dis 
connect the operative connection between the capacitive sen 
sor 1433 and the connection bus 1407 which is connected to 
connector 1403. 
The wristband 1440 illustrates a similar configuration with 

the connection bus 1407 connected to connector 1405. The 
connector 1405 is attached to the wearable device 1400 hous 
ing and couples to connector 1441 and capacitive sensor 1443 
which is coupled to the connector 1441 via flexible connec 
tion 1445. 

Therefore in some embodiments, the example wearable 
device 1400 may have electrical capacitive sensor component 
configurations according to the physical configuration used 
Such as the example physical configurations that have been 
described with respect to the wristwatch 1100 in FIG. 11. In 
other words, any one of the possible conductive component 
locations shown in FIG. 11 may be used to form a capacitive 
sensorscheme. Likewise, FIG. 14 illustrates example internal 
connections for a capacitive sensor that may be arranged 
corresponding to the possible locations shown for capacitive 
sensor 1401, 1433, or 1443, where one conductor serves as a 
sensor conductor and another serves as a ground conductor to 
complete the circuit required to implement a self-capacitance 
capacitive sensor, or alternatively, a mutual capacitance sen 
sor. That is, FIG. 14 is for the purpose of showing that the 
capacitive sensor in accordance with various embodiments 
may be implemented using conductive components located 
either on, or embedded into, a surface of the wearable device 
1400 housing or housing cover, within the wearable device 
1400 housing, on one or both wristbands connected to the 
wearable device 1400 housing or some combination thereof 
so that one conductive component provides the sensing com 
ponent while the other serves as a ground conductor (or 
alternatively, as a transmit conductor and a receive conduc 
tor). A conductive cover for the housing may also be used as 
a ground conductor as described above previously. 

Similar to the embodiment illustrated in FIG. 13 the wear 
able device 1400 also includes capacitive sensing and cali 
bration logic 1420 operatively coupled to the capacitive sen 
Sor by a connection bus 1407. The capacitance sensing and 
calibration logic 1420 may be a single integrated logic com 
ponent or may include wear detection logic 1421, motion 
detection logic 1425 and drift calibration logic 1423 which 
may also be operatively coupled to each other to communi 
cate with each other as was described with respect to the 
embodiment of FIG. 13. For embodiments where the capaci 
tive sensor is implemented in either wristband 1430 or wrist 
band 1440, the capacitance sensing and calibration logic 1420 
is operatively coupled to the wristband capacitive sensors 
accordingly by one or both of the connectors 1403 or 1405 
and connection bus 1407. 
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Partial schematic block diagram of FIG. 15 illustrates an 

example embodiment of a wearable device 1500 where the 
capacitance sensing and calibration logic 1550 is imple 
mented as executable code 1504 executed by a processor 
1501. The executable code 1504 corresponding to the capaci 
tance sensing and calibration logic 1550 may be stored in 
non-volatile, non-transitory memory such as memory 1503, 
and read from memory 1503 as needed for execution by 
processor 1501. The capacitance sensing and calibration 
logic 1550 may include wear detection logic 1551, drift cali 
bration logic 1553 and motion detection logic 1555. Each of 
these components also have corresponding executable code 
within the executable code 1504 and such executable code is 
also executed by the processor 1501 in accordance with the 
example embodiment of FIG. 15. The capacitance sensing 
and calibration logic 1550 may also communicate and inter 
act with one or more applications 1511 which are also 
executed by the processor 1501, or other components of wear 
able device 1500. Such applications may also be stored as 
executable code (not shown) in memory 1503. 
The wearable device 1500 is an apparatus in accordance 

with an embodiment and includes connection bus 1505 to 
provide operative coupling between various components 
including the at least one processor 1501, memory 1503, 
network transceiver 1507, peer-to-peer transceiver 1509, dis 
play/UI 1513, other UI 1515, connectors 1519 and 1521 when 
present, and capacitive sensor 1517 when present within the 
housing of wearable device 1500, etc. The connection bus 
1505 provides operative coupling in that various intermediate 
or intervening wearable device 1500 components, circuitry, 
and the like, may exist in between, and/or along, the commu 
nication path between any two or more operatively coupled 
components, etc. The wearable device 1500 may have two 
wristband segments 1530 and 1540 connected to the wearable 
device 1500 housing. One or both of the wristband segments 
1530 and 1540 may include connectors 1531 and 1541, 
respectively, which may be flexible connectors. One or more 
capacitive sensor components, or the entire capacitive sensor, 
may be located within one of the wristband segments. These 
possible locations are illustrated by blocks shown having 
dotted lines in FIG. 15 such as capacitive sensor 1517 and 
capacitive sensors 1533 and 1543 which correspond to the 
wristband segments 1530 and 1540, respectively. Either of 
the capacitive sensors 1533 or 1543 when present may also 
have a corresponding flexible connection 1535 or 1545, 
respectively. In other words, the wearable device 1500 may 
have a physical configuration for a capacitive sensor using 
various placements of the capacitive sensor components 
according to any one of the various examples described with 
respect to FIG. 11. 

It is to be understood that FIG. 15 illustrates examples of 
components that may be present in a wearable device 1500 
and that one or more of the various components shown in FIG. 
15, other than the capacitive sensor and capacitance sensing 
and calibration logic 1550, may be omitted from the wearable 
device 1500 without detracting from enjoyment of the ben 
efits, features and advantages of the present disclosure. That 
is, different wearable devices may or may not include some of 
the example components shown in FIG.15 and therefore none 
of these example components are to be construed as being 
required for any particular embodiment. 
The display/UI 1513, if present, may provide a touchscreen 

user interface and, in some embodiments, may also provide a 
graphical user interface (GUI). The network transceiver 
1507, if present, may provide wireless communication capa 
bilities for one or more wide area network communications 
systems such as, but not limited to, Wi-Fi cellular, 2G, 3G or 



US 9,091,715 B2 
15 

4G wireless communications systems. The peer-to-peer 
transceiver 1509, if present, may provide wireless connectiv 
ity capabilities such as, but not limited to, BluetoothTM, Wire 
less USB, ZigBee, or other technologies, etc. Such as near 
field communication (NFC). The other UI 1515, if present, 
may include a track ball mouse, touch sensitive elements, 
physical Switches, gyroscopic position sensors, etc. The dis 
play/UI 1513, if present, may include touchscreen function 
ality as noted above, and may be operative to receive com 
mand and control signals from the other UI 1515 directly, or 
via the processor 1501, for functions such as, but not limited 
to, mouse cursor control click to provide selection input and 
or drag and drop features or other functionality in some 
embodiments. 
The memory 1503 is a non-volatile, non-transitory 

memory, and stores the executable code 1504 corresponding 
to the capacitance sensing and calibration logic 1550 includ 
ing any component logic Such as the wear detection logic 
1551, motion detection logic 1555 or drift calibration logic 
1553. The processor 1501 is operative to execute the execut 
able code 1504, which may be stored in memory 1503, to 
perform the methods of operation disclosed herein. 
The various embodiments also include non-volatile, non 

transitory computer readable memory, other than memory 
1503, that may contain executable instructions or executable 
code, for execution by at least one processor, that when 
executed, cause the at least one processor to operate in accor 
dance with the functionality and methods of operation herein 
described. The computer readable memory may be any Suit 
able non-volatile, non-transitory, memory Such as, but not 
limited to, programmable chips such as EEPROMS, flash 
ROM (thumb drives), compact discs (CDs) digital video disks 
(DVDs), etc., that may be used to load executable instructions 
or program code to other processing devices Such as wearable 
devices or other devices such as those that may benefit from 
the features of the herein described embodiments. 

The operation of the capacitance sensing and calibration 
logic 1550 shown in FIG. 15, (also capacitance sensing and 
calibration logic 1320 shown in FIG. 13 and capacitance 
sensing and calibration logic 1420 shown in FIG. 14) is best 
understood in conjunction with FIG.16, FIG. 17, FIG. 18 and 
FIG. 19, which will now be described. FIG. 16 is a sensed 
capacitance graph 1600 illustrating the usage of sensed 
capacitance values sensed by a capacitive sensor in accor 
dance with various embodiments described above. FIG. 17, 
FIG. 18 and FIG. 19 are flow charts showing methods of 
operation in accordance with various embodiments. 

For purposes of simplifying explanation and also for clar 
ity, the following description will refer to the capacitance 
sensing and calibration logic 1550 and the capacitive sensor 
1517 shown in FIG. 15. However it is to be understood that the 
present explanation applies equally to the capacitance sens 
ing and calibration logic 1320 and capacitive sensor 1301 
shown in FIG. 13 and to the capacitance sensing and calibra 
tion logic 1420 and the applicable capacitive sensor (selected 
from capacitive sensor 1401, 1433, or 1443, or some combi 
nation thereof). Referring to FIG. 16, the sensed capacitance 
graph 1600 illustrates that the capacitive sensor 1517 will 
exhibit a standalone capacitance “C” 1601 which is a 
baseline capacitance value determined for the capacitive sen 
sor in the factory during production. As understood by those 
of ordinary skill, the baseline capacitance C may 
exhibit a capacitance change 1603 over Some percentage 
range above or below the baseline Value C due to 
component drift caused by temperature variations, compo 
nent aging, etc. A detection threshold capacitance, 
“C, , 1605, is used to determine when a con 
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16 
ductive surface comes within a proximity of the capacitive 
sensor. The detection threshold capacitance C, it 
1605 may at times be affected adversely by the capacitance 
change 1603. However drift compensation and calibration 
operations adjust the baseline capacitance value Such that the 
capacitance C, 1605 is maintained at an appro 
priate level above the C 1601 to discern a change in 
capacitance caused by a proximal conductive Surface from 
capacitance fluctuations due to capacitance change 1603. 
Therefore, when a conductive surface comes within proxim 
ity of the capacitive sensor the capacitive sensor will sense the 
capacitance C is 1605, or Some capacitance 
Value above C, 1605. Such that the wear detec 
tion logic 1551 of the capacitance sensing and calibration 
logic 1550 will make a determination that a conductive sur 
face has been detected and is within proximity of the capaci 
tive sensor and therefore correspondingly is in proximity of 
the wearable device 1500. In some embodiments such as, but 
not limited to, a wristwatch embodiment, the wearable device 
Such as the wristwatch may be strapped tightly to the user's 
wrist. Under these circumstances, the capacitive sensor may 
detect a high capacitance value such as C, 1611 which 
would be an indication that the user has the wearable device 
attached tightly to the user's wrist. 

Therefore as can be seen from the sensed capacitive graph 
1600, conductive surface detection will occur within a con 
ductive surface detection range 1609 which extends from a 
point above the baseline capacitance C 1601, at 
Cee, the 1605, to the maximum capacitance 
C, 1611. The detection threshold Cree, i.e., 
1605 is used to limit the conductive surface detection range 
1609 to begin above the "untouched capacitance C. 
1601 to avoid false detections due to changes in the capaci 
tance C 1601 which may occur due to capacitance 
change 1603. 
Another threshold C, a 1607 may also be estab 

lished in some of the various embodiments. In such embodi 
ments, capacitance values close to C at 1607, for 
example below Cast 1607 down to the Cite 
1601 or to C=0, may be considered to correspond to capaci 
tances changes 1603 due to component drift such that drift 
compensation may be performed accordingly. Under circum 
stances where the sensed capacitance is above 
C, 1605, it is not possible to perform drift 
calibration or correction due to the high sensed capacitance 
values within the capacitance range 1609. However, values 
below C, 1605 may not correspond exactly to 
an untouched State of the sensor. In other words, a conductive 
Surface may still be in proximity although distant and there 
fore barely sensed by the capacitive sensor. In such instances, 
it would be useful to defer the drift compensation until it was 
more likely that the capacitance change is due to the capaci 
tance change 1603 due to component drift. Therefore, the 
capacitance sensing and calibration logic 1552 decides 
accordingly when to perform drift calibration or not. The 
threshold C. , 1607 may therefore be used in some 
embodiments to provide further assurance that the sensed 
capacitance changes are due to drift, in which case perfor 
mance of drift calibration is desirable. A high-level method of 
operation of the capacitance sensing and calibration logic 
1550 is illustrated by the flowchart of FIG. 17 which begins at 
block 1701. 

It should be understood that the flowcharts of FIG. 17 and 
FIG. 18 show start and end points for purpose of explaining 
the operations of the described corresponding methods. How 
ever, these methods of operation may be performed continu 
ously while the capacitive sensor is operative, that is, while 
the capacitive sensor is powered on which may correspond to 
when the corresponding wearable device is powered on. The 
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capacitance and sensing logic is operative to perform the 
methods of operation, accordingly and in a continuous man 
ner as appropriate. One method of operation begins a block 
1701, and the capacitance sensing and calibration logic 1550 
monitors capacitance measured by a capacitive sensor. The 
capacitance sensing and calibration logic 1550 determines if 
component drift is measurable for components of the capaci 
tive sensor as shown in decision block 1703. That is, the 
capacitance sensing and calibration logic 1550 determines if 
the capacitance change observed by the capacitive sensor 
1517 is capacitance change 1603 (i.e. due to component drift) 
or is due to a conductive surface being in proximity of the 
capacitive sensor 1517. For example, if the capacitive sensor 
detects a conductive Surface based on sensing a capacitance 
Value above Cree, in 1605, the capacitance sensing 
and calibration logic 1550 will defer drift calibration opera 
tions as shown in block 1705. Drift calibration may be 
deferred in various ways such as, but not limited to, deacti 
vating the drift calibration logic 1553, or by placing the drift 
calibration logic 1553 into a suspended mode or sleep mode 
or by imposing await state in which the drift calibration logic 
1553 waits for further instructions, such as a wake-up or 
resume command, before commencing further activity. The 
process will then end as shown in block 1709 because the 
capacitance change 1603 due to component drift cannot be 
accurately measured. However, as long as the wearable 
device remains in the "untouched State, based on the capaci 
tance value sensed by the capacitive sensor 1517, the capaci 
tance sensing and calibration logic 1550 will perform drift 
calibration for the capacitive sensor as shown by operation 
block 1707. Put another way, capacitance values detected or 
sensed by the capacitive sensor that are within the conductive 
surface detection range 1609, which are above the non-touch 
capacitance value C 1601 and meet the 
C, is 1605 requirement, will result in a determi 
nation, by the wear detection logic 1551 component, that the 
wearable device 1500 is being worn by the user. In such case, 
drift compensation cannot be performed properly and is 
therefore deferred. As noted above previously, the conductive 
surface detection range 1609 is dependent upon the actual 
C, 1605 which may change based on Such drift 
calibration due to the capacitance change 1603. The capaci 
tance change 1603 may occur due to temperature variations or 
Some other factors that result in changes in parasitic capaci 
tance. Such capacitance changes 1603 impact C. 
1601 and may occur over time as understood by those of 
ordinary skill. The capacitance changes 1603 are taken into 
account by the drift calibration operation performed in block 
1707. If the capacitive sensor remains untouched, such that 
the sensed capacitance is equal to or near C 1601, 
then the capacitance change 1603 can be measured and drift 
compensation can be performed accordingly in process block 
1707. In other words, the capacitance sensing and calibration 
logic 1550 determines intervals during which drift compen 
sation may be performed, or, on the other hand, looks for 
intervals during which drift compensation should be deferred. 
As mentioned briefly above, a second threshold 

C. at 1607 may be set, in some embodiments, such 
that the capacitance sensing calibration logic 1550 makes a 
determination that the sensed capacitance value is within the 
capacitance change 1603 range and is due to component drift 
and not due to proximity detection of a distant conductive 
Surface. That is, for a sensed capacitance value within the 
capacitance range 1603 near or below C., 1607 and 
below C is 1605, the wear detection logic 1551 
of the capacitance sensing and calibration logic 1550 may 
send an activation signal to the drift calibration logic 1553. In 
SO 
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instances when a wristwatch wearable device or other wear 
able device is worn so loosely that it intermittently comes in 
contact with the user's wrist or body such that the sensed 
capacitance remains below C at 1607, the capaci 
tance may be considered as being approximately equivalent 
to the non-touch capacitance value C 1601 Such that 
it is possible to determine the capacitance change 1603 and 
make drift calibration adjustments to the baseline capaci 
tance. Therefore, in Such embodiments, any capacitance 
value within the capacitance range 1609 would result in 
deferring the drift calibration operations of drift calibration 
logic 1553. 

Another scenario that may occur for wearable devices is 
that the conductive surface intermittently comes within con 
tact or within proximity of the capacitive sensor Such that the 
sensed capacitance oscillates and is possibly sinusoidal Such 
that the capacitance change 1603 is also not able to be cor 
rectly determined. The flowchart of FIG. 18 provides further 
details of operation and illustrates methods of operation that 
account for both intermittent detection and for capacitance 
values within the capacitance range 1609 corresponding to a 
loosely worn device. The method of operation begins in block 
1801 and a conductive surface may be detected as shown in 
decision block 1803. If such detection occurs in decision 
block 1803, then the calibration sensing the capacitance sens 
ing calibration logic 1550 determines whether the capaci 
tance value sensed is intermittent as shown in decision block 
1805. If the capacitance values are intermittent, then drift 
calibration is deferred as shown in block 1807. If no conduc 
tive surface is detected in decision block 1803, then drift 
calibration may be performed by the drift calibration logic 
1553 as illustrated by the drift calibration operation block 
1811. The method of operation may then end as shown in 
block 1809. 

If the capacitance sensed by the capacitive sensor is not 
intermittent in decision block 1805, then the capacitance 
sensing calibration logic 1550 will determine whether the 
sensed capacitance is within C at 1607 as shown in 
decision block 1813. If not, and for example the capacitance 
sensed is within the capacitance range 1609, the drift calibra 
tion operation will be deferred as shown in block 1807 and the 
process will end in block 1809. However if the capacitance 
sensed is within the threshold, for example if the capacitance 
sensed is below C at 1607, drift calibration will be 
performed by the drift calibration logic 1553 as shown in 
block 1815 and the process will end in block 1809. The drift 
calibration operation of block 1811 may be modified from the 
drift calibration operation of block 1815, if surface detection 
based on C, 1605 is used to trigger or defer drift 
compensation. That is, if the verification threshold 
C. at 1607 is used in conjunction with 
Cee, i.e., 1605. Sensed capacitances may occur below 
C, 1605 that are not close enough to the non 
touch capacitance C 1601 to allow correct perfor 
mance of drift compensation. That is, the drift calibration 
logic 1553 may account for some values of sensed capaci 
tance below Cree, in 1605 and may accordingly 
apply different adjustment values based on percentage 
changes that are known or expected to be within a capacitance 
range between 1605 and 1607. Otherwise, drift compensation 
is deferred until the sensed capacitance value is near or below 
C, 1607, which is used to add further assurance that 
the sensed capacitance value is within the capacitance change 
1603 range and is due to component drift only (i.e. not due to 
a distant proximal conductive Surface). 
The flowchart of FIG. 19 describes methods of operation 

that provide additional features and advantages when 
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employing the capacitance sensing calibration logic 1550 in 
conjunction with a capacitive sensor. The method of opera 
tion begins in block 1901 and may run continuously provided 
that the capacitive sensor is operative as shown in decision 
block 1902. For example, once the wearable device 1500 is 
powered up the capacitive sensor may begin to be operative in 
that it begins to sense capacitance changes as shown in deci 
sion block 1902. Whenever the wearable device 1500 is pow 
ered down the capacitive sensor may no longer be operative in 
decision block 1902 and the method of operation of will 
terminate as shown in block 1915. Under some circum 
stances, and in some embodiments, the capacitive sensor may 
remain operative when the wearable device 1500 enters a 
sleep mode and when various other processes and operations 
are shut down in order to conserve battery power. Once the 
capacitive sensor is operative as shown in decision block 
1902, the capacitive sensor monitors capacitance and the 
capacitance sensing and calibration logic 1550 waits for 
changes in capacitance as shown in input block 1903. When 
any capacitance change is sensed by the capacitive sensor in 
decision block 1905, the determination of whether the sensed 
capacitance is above the detection threshold is made in deci 
sion block 1907. For example, if the capacitive sensor detects 
a capacitance above Cree, the 1605, Wear detection 
logic 1551 of the capacitance sensing calibration logic 1550, 
may conclude that the wearable device 1500 is being worn as 
shown in block 1909. In response to this conclusion, the 
calibration sensing the capacitance sensing calibration logic 
1550 may interact with various components of the wearable 
device 1500 including software such as applications 1511. 
Some of the components of wearable device 1500, including 
applications 1511, may benefit from an indication that the 
wearable device 1500 is being worn by the user or is other 
wise in use. For various reasons such as, but not limited to, 
conservation of battery charge, Some processes or applica 
tions 1511 may be deferred from operation until the wear 
detection logic 1551 determines that the wearable device 
1500 is in use. Such “in use” processes or applications may be 
initiated in process block 1911 accordingly as shown and drift 
calibration will be deferred in block 1913. In addition, the 
capacitance sensing calibration logic 1550 will determine 
whether the sensed capacitance is changing intermittently as 
shown in decision block 1917. If yes, intermittent capacitance 
detection in decision block 1917 may initiate motion detec 
tion logic 1555 which may receive information from the wear 
detection logic 1551 component, or may receive input 
directly from the capacitive sensor, i.e. by way of the connec 
tion bus 1505. The motion detection logic 1555 may provide 
outputs to various components of wearable device 1500 or to 
one or more applications 1511. The motion detection logic 
1555 may also send command and control signals to place 
various components of the wearable device 1500 into a low 
power or sleep mode in order to conserve battery power. For 
example, based on the detection of motion and for given 
“levels” or motion detected by the motion detection logic 
1555, the display/UI 1513 may be turned off until the motion 
stops so as to conserve power, since it is unlikely the display 
will be useful if the detected motion indicates that the user 
may be in continuous motion Such as when running. 
Some processes or applications may be desirable to operate 

when the wearable device 1500 is determined to be in motion. 
Therefore, based on the capacitance changing intermittently 
in decision block 1917 any processes or applications 1511 
which are “in motion’ processes may be initiated as shown in 
process block 1919. For example, the motion detection logic 
1555 may provide outputs to drive a pedometer application, a 
sleep monitor application of Some other application or pro 
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cess, etc., that require the user to be in motion in order to 
properly function or to receive information. Provided the 
capacitive sensor is still operative as shown in decision block 
1902, the capacitive sensing and calibration logic 1550 will 
continue to wait for capacitance changes as shown in input 
block 1903 and the method of operation will continue. 

If the sensed capacitance was above the detection threshold 
in decision block 1907, and is not changing intermittently in 
decision block 1917, drift calibration operations would still 
be deferred as shown in block 1913 and capacitance sensing 
and calibration logic 1550 would continue to wait for input in 
block 1903. However, as was discussed above with respect to 
sensed capacitance graph 1600, a second threshold, 
C, a 1607, may be established by the capacitance 
sensing and calibration logic 1550. In this example, decision 
block 1923 and block 1925 which, as indicated by dottedlines 
in FIG. 19, are not used in all embodiments, may be imple 
mented. In this example scenario, if the sensed capacitance is 
within the second thresholdCat, 1607, such as below 
it, in decision block 1923, then drift calibration will be per 
formed in block 1921. However, if the C threshold 1607 is 
not met, then drift calibration will still be deferred in block 
1925 due to uncertainty as to whether the capacitance sensed 
is due to drift or due to a distant proximal conductive surface 
being detected below the C is 1605. In embodi 
ments where the C, a 1607 is not used, drift calibra 
tion is performed in block 1921 for any sensed capacitance 
below C, 1605 in decision block 1907. 

Returning to decision block 1905, in some embodiments if 
the sensed capacitance is not above the detection threshold in 
block 1907, the capacitance calibration and sensing logic 
1550 looks for changes in capacitance in decision block 1923 
that meet the C threshold 1607 and then the drift calibra 
tion logic 1553 will perform drift calibration in block 1921 
and the process may continue. Otherwise, drift calibration is 
deferred in block 1925 and the process continues as shown 
and capacitance continues to be monitored. 

Turning to FIG. 20, a partial schematic block diagram of a 
capacitive sensor 1301 as shown in FIG. 13 (or 1401, 1433, 
1443 in FIG. 14 or 1517, 1533, 1543 in FIG. 15) and in 
accordance with various embodiments will now be described. 
As discussed above with respect to FIG. 2, FIG.3 and FIGS. 
7A, 7B and 7C, a wearable device in accordance with some 
embodiments has a housing which is an enclosure that has a 
first portion and a second portion, where one of the first 
portion or the second portion may be considered to be a cover 
of the housing or enclosure. Thus, a sensor conductor 2005 
may be located on a PCB surface as shown in FIG. 7A, 7B or 
7C, or may be a section of a housing portion, such as a cover, 
as shown in FIG. 4. The first housing portion has at least one 
conductive section 2009 that is connected to circuit ground 
2011 by a connection 2013. 
A power source provides a Voltage V, 2001 to power 

capacitive sensor circuitry 2000. The power source may be a 
rechargeable battery, a disposable battery, a solar battery, a 
battery that is recharged by electrostatic or gyroscopic energy 
or wireless recharging, etc. The capacitive sensor circuitry 
2000 includes at least one oscillator 2003 and may include 
other “capacitive sensor components' such as, but not limited 
to, comparators, clocking circuits, operational amplifiers, 
other active components such as transistors, and passive com 
ponents, etc. The capacitive sensor circuitry 2000 is opera 
tively coupled to the capacitance sensing and calibration logic 
1320 by connection path 1303, and is connected to circuit 
ground 2011 by connection 2015. The capacitive sensor cir 
cuitry 2000 is connected to the sensor conductor 2005 by 
connection 2007 and drives the voltage to provide a charge on 
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the sensor conductor 2005. That is, the sensor conductor 2005 
forms one “plate of a capacitor and the grounded conductive 
section 2009 of the housing portion forms the other capacitor 
“plate.” 
As a conductive surface comes within proximity of the 5 

sensor conductor 2005 and grounded conductive section 
2009, the electric field is disrupted and the variable capaci 
tances Cs and Cg change to impact the overall capacitance 
value viewed by the capacitive sensor circuitry 2000. The 
node 2017 represents the point where the conductive surface 10 
(such as the user's wrist, etc.) comes into proximity or contact 
and forms the capacitances Cs and Cg. Cs represents the 
capacitance formed between the conductive Surface and the 
sensor conductor 2005. An example is when the user's wrist, 
which in this case is the conductive Surface, comes within 15 
proximity of the sensor conductor 2005. The user's body also 
creates a variable capacitance Cg between the user's body and 
ground by being in proximity to the grounded conductive 
section 2009 as illustrated by node 2017. The capacitance Csg 
represents the capacitance that exists between the sensor con- 20 
ductor 2005 and the grounded conductive section 2009 
including any parasitic capacitance that may exist as was 
described above with respect to the various structures that 
may be utilized. The capacitive sensor circuitry 2000 sees a 
total capacitance which is determined by the parallel combi- 25 
nation of Cs and Cg in series, with Csg. That is, the capaci 
tance computation for the total capacitance seen by the 
capacitive sensor circuitry 2000–Ceq(Cs and Cg in 
series)+CgFI(CsCg)/(Cs+Cg)+Cg. An equivalent resis 
tance value R is also seen between the “plates.” and in some 30 
embodiments, a driven shield 2019 may be operatively 
coupled 2021 by the operational amplifier 2023, both of 
which are shown in dotted lines to illustrate that they may, or 
may not, be present in any particular embodiment. The driven 
shield 2019 is a PCB layer as discussed, for example, with 35 
respect to FIG. 6, FIG.7C and FIG.8. The driven shield 2019 
protects any other circuitry, components, etc. from undesired 
coupling or interference due to the sensor conductor 2005 
and/or the conductive section 2009. 
The capacitive sensor circuitry 2000 may be implemented 40 

in various ways in the various embodiments such as by dis 
crete components, integrated circuits, etc. as was discussed 
above with respect to the capacitance sensing and calibration 
logic 1320. The capacitive sensor circuitry 2000 may be 
implemented on one or more layers of the PCB having the 45 
sensor conductor 2005 or on a different PCB positioned 
within the housing. The capacitive sensor circuitry 2000 may 
be integrated, in whole or in part, with the capacitance sensing 
and calibration logic 1320 as was discussed previously above. 

While various embodiments have been illustrated and 50 
described, it is to be understood that the invention is not so 
limited. Numerous modifications, changes, variations, Sub 
stitutions and equivalents will occur to those skilled in the art 
without departing from the scope of the present invention as 
defined by the appended claims. 55 
What is claimed is: 
1. A method comprising: 
responsive to determining, by a wearable computing 

device, that a capacitance sensed by a capacitive sensor 
of the wearable computing device is intermittently 60 
above a detection threshold: 
determining, by the wearable computing device, that 
component drift for the capacitive sensor cannot be 
determined, wherein a capacitance value above the 
detection threshold indicates that a conductive sur- 65 
face is within a proximal distance of the capacitive 
sensor; and 
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while the capacitive sensor intermittently senses the 

capacitance above the detection threshold, deferring a 
drift calibration operation for the capacitive sensor. 

2. The method of claim 1, further comprising: 
determining, by the wearable computing device, based on 

sensed intermittent changes in the capacitance, that the 
wearable computing device is in motion. 

3. The method of claim 2, further comprising: 
responsive to determining, by the wearable computing 

device, that the capacitance sensed by the capacitive 
sensor meets a second threshold below the detection 
threshold, performing the drift calibration operation for 
the capacitive sensor. 

4. The method of claim 2, further comprising: 
responsive to determining that the wearable device is in 

motion, providing a control signal to a component or an 
application of the wearable device. 

5. The method of claim 1, further comprising: 
responsive to determining, by the wearable computing 

device, that the capacitance is below the detection 
threshold intermittently for a period of time, performing 
the drift calibration operation for the capacitive sensor. 

6. The method of claim 1, further comprising: 
responsive to determining, by the wearable device, based 

on the capacitance sensed by the capacitive sensor, that 
the wearable computing device is in use, providing a 
control signal to a component or an application of the 
wearable computing device. 

7. A wearable device comprising: 
a capacitive sensor, and 
capacitance sensing and calibration logic operatively 

coupled to the capacitive sensor, the capacitance sensing 
and calibration logic operative to, responsive to deter 
mining that a capacitance sensed by the capacitive sen 
sor is intermittently above a detection threshold: 
determine that component drift for the capacitive sensor 

cannot be determined, wherein a capacitance value 
above the detection threshold indicates that a conduc 
tive surface is within a proximal distance of the 
capacitive sensor, and 

while the capacitive sensor intermittently senses the 
capacitance above the detection threshold, deactivate 
a drift calibration operation for the capacitive sensor. 

8. The wearable device of claim 7, wherein the capacitance 
sensing and calibration logic is further operative to: 

determine, based on sensed intermittent changes in the 
capacitance, that the wearable device is in motion. 

9. The wearable device of claim 8, wherein the capacitance 
sensing and calibration logic is further operative to: 

responsive to determining that the capacitance sensed by 
the capacitive sensor meets a second threshold below the 
detection threshold, perform the drift calibration opera 
tion for the capacitive sensor. 

10. The wearable device of claim 7, wherein the capaci 
tance sensing and calibration logic is further operative to: 

responsive to determining that the capacitance is below the 
detection threshold intermittently for a period of time, 
perform the drift calibration operation for the capacitive 
SSO. 

11. The wearable device of claim 8, wherein the capaci 
tance sensing and calibration logic is further operative to: 

responsive to determining that the device is in motion, 
provide a control signal to a component oran application 
of the wearable device. 

12. The wearable device of claim 7, wherein the capaci 
tance sensing and calibration logic is further operative to: 
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responsive to determining, based on the capacitance sensed 
by the capacitive sensor, that the wearable device is in 
use, provide a control signal to a component oran appli 
cation of the wearable device. 

k k k k k 

24 


